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Sect ion  1 

INTRODUCTION 

1.1 PURPOSE AND SCOPE 

This  volume presents  an execut ive  summary o f  t h e  f i n a l  r e p o r t  o f  
the  Space S t a t i o n  (SS) Miss ion  Planning Sys tem (MPS) Development Study, NASA 
Cont rac t  NAS8-37275. 

Sect ions 2 through 5 c o n t a i n  summaries of the  a c t i v i t i e s ,  
methodologies, achievements, and r e s u l t s  o f  the  major  s tudy  tasks .  
sec t i on  prov ides a summary of  major conc lus ions and recommendations. 

The f i n a l  

1 . 2  STUOY OBJECTIVES 

The bas ic  o b j e c t i v e  o f  the  SS MPS Development Study was t o  
d e f i n e  a base l ine  Space S t a t i o n  miss ion  p lann ing  concept and t h e  assoc ia ted  
hardware and sof tware requi rements fo r  the  system. S p e c i f i c  o b j e c t i v e s  i n  
support  of the bas l c  o b j e c t i v e  were the  f o l l o w i n g :  

a. Develop a m iss ion  p lann ing  concept which i s  c o n s i s t e n t  w i t h  
the  o v e r a l l  Space S t a t i o n  opera t i ons  phi losophy.  

b. Def ine  and assess the  c a p a b i l i t y  o f  the  Spacelab m iss ion  
p lann ing  sys tem fo r  use i n  Space S t a t i o n  miss ion  p lann ing  c o n s i s t e n t  w i t h  the  
concept developed under o b j e c t i v e  a. 

c. Determine and recommend where A r t i f i c i a l  I n t e l l i g e n c e  ( A I )  
concepts and techniques can be e f f e c t i v e l y  u t i l i z e d  fo r  Space S t a t i o n  m iss ion  
p lanning.  A I  areas t o  be i n v e s t i g a t e d  for  a p p l i c a t i o n  to  t h e  s p e c i f i c  
requirements o f  miss ion  p lann ing  i nc lude  n a t u r a l  language i n t e r f a c e s ,  exper t  
sys tems,  and automat ic  programming. 

d. Const ruc t  a sof tware development p l a n  f o r  a phased 
development o f  a Space S t a t i o n  miss ion  p lann ing  system. 
consider  the  m o d i f i c a t i o n s  i d e n t i f i e d  i n  o b j e c t i v e  b, and the  implementat ion 
of any AI concepts recommended i n  o b j e c t i v e  c .  The p l a n  shall i n c l u d e  a 
schedule and a manpower es t imate .  

The p l a n  s h a l l  

1.3 TECHNICAL APPROACH 

The SS MPS Development Study inc luded the  f o l l o w i n g  tasks  t o  
accompl ish the s tudy o b j e c t i v e s :  

Task 1 - O r i e n t a t i o n  
Task 2 - Review Spacelab M iss ion  P lann ing  

Process and Software 
Task 3 - Space S t a t i o n  Miss ion  P lann ing  

Software Requirements 
Task 4 - I n v e s t i g a t e  A r t i f i c i a l  I n t e l l i g e n c e  

A p p l i c a t i o n s  t o  M iss ion  P lann ing  
Task 5 - Miss ion  Planning Software Development P lan 

The f low of these tasks i s  r e f l e c t e d  i n  F igure  1 . 3 - 1 .  

1 - 1  
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Task 1 a l lowed the  s tudy team t o  o b t a i n  an i n i t i a l  
f a m i l i a r i z a t i o n  w i th  the  process and e x i s t i n g  so f tware  used for  Spacelab 
payload miss ion  p lann ing  a t  MSFC and t o  t r a v e l  t o  o t h e r  NASA centers  t o  o b t a i n  
a general f a m i l i a r i z a t i o n  w i t h  the  processes and so f tware  i n  use fo r  m iss ion  
p lann ing  a t  those centers .  

The o b j e c t i v e  o f  Task 2 was t o  e s t a b l i s h  a complete b a s e l i n e  
d e f i n i t i o n  o f  the  Spacelab payload miss ion  p lann ing  process, a long w i t h  a 
d e f i n i t i o n  o f  e x i s t i n g  sof tware c a p a b i l i t i e s  for  p o t e n t i a l  e x t r a p o l a t i o n  to  
the  Space S t a t i o n  era.  Areas which were inc luded were o r b i t a l  mechanics 
ana lys i s  and p lann ing ,  mission t i m e l i n e  genera t ion ,  da ta  f low a n a l y s i s  and 
p lanning,  onboard computer t ime1 ines  genera t ion  and implementat ion,  
experiments command p lann ing  and implementat ion,  and p l a n n i n g  f o r  Payload 
Operat ions Cont ro l  Center (POCC) support .  P r e f l i g h t  p lann ing  and r e a l - t i m e  
p lann ing  and rep lann ing  a c t i v i t i e s  were  a l s o  de f i ned .  
was de f ined us ing  d e t a i l e d  f u n c t i o n a l  flow diagrams, and i n d i v i d u a l  so f tware  
module func t i ons .  

payload miss ion  p lann ing  process and sof tware as the  b a s i s  for d e f i n i n g  

designed t o  p e r m i t  the  miss ion  p lann ing  f u n c t i o n  t o  be c e n t r a l i z e d  or 
d i s t r i b u t e d ,  and t o  be performed by non-expert m iss ion  p lanners  as w e l l  as 
exper ts .  
i n t e r f a c e s  w i t h  the  ground were  assessed. I n i t i a l l y ,  f i v e  Space S t a t i o n  
miss ion  p lann ing  concepts were i d e n t i f i e d  fo r  assessment; these ranged from 
a l l  m iss ion  p lann ing  done on the  ground t o  a l l  m iss ion  p l a n n i n g  done on-board 
the  Space S t a t i o n .  Subsequent MSFC guidance narrowed the  p o s s i b l e  concepts 
to  one i n  which m iss ion  p lann ing  was to  be done on the  ground w i t h  minor  
rea l - t ime  rep lann ing  c a p a b i l i t y  t o  be prov ided on-board. Comparable to  t h e  
Spacelab process, d e t a i l e d  flow diagrams of the  Space S t a t i o n  m iss ion  p lann ing  
concept were developed, i n c l u d i n g  the  flow o f  p lann ing  da ta .  Also, so f tware  
func t ions  were i d e n t i f i e d ,  and m o d i f i c a t i o n s / a d d i t i o n s  t o  the  Spacelab payload 
miss ion  p lann ing  sys tem sof tware t o  support  the Space S t a t i o n  m iss ion  p lann ing  
concept were de f ined.  

The process d e f i n i t i o n  

I 

1 Task 3 used the  i n f o r m a t i o n  developed i n  Task 2 for the  Spacelab 

I requirements to  suppor t  Space S t a t i o n  miss ion  p lann ing .  The system was 

The r o l e  o f  miss ion  p lann ing  onboard the  Space S t a t i o n  and the  

I n  Task 4 ,  the  Space S t a t i o n  miss ion  p lann ing  concept (developed 
i n  Task 3 )  was reviewed for  the purpose o f  i d e n t i f y i n g  areas where A r t i f i c i a l  
I n t e l  1 igence ( A I )  concepts migh t  o f fe r  s u b s t a n t i a l l y  improved capabi 1 i t y .  
Three s p e c i f i c  A I  concepts w e r e  i n v e s t i g a t e d  fo r  a p p l i c a b i l i t y :  n a t u r a l  
language i n t e r f a c e s ,  exper t  systems, and automat ic  programming. The 
advantages and disadvantages of i n t e r f a c i n g  an A I  language w i t h  e x i s t i n g  
FORTRAN programs or o f  conve r t i ng  t o t a l l y  t o  a new programming language were  
i d e n t i  f i ed . 

1-3 
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Ta'sk 5 i n t e g r a t e d  the ou tpu ts  o f  Task 3 and 4 t o  produce the  
pr imary product  o f  the  Study, a Space S t a t i o n  Miss ion  P lann ing  System Sof tware 
Development Plan. The p l a n  inc ludes :  

o A d e t a i l e d  d e s c r i p t i o n  o f  m o d i f i c a t i o n s  and a d d i t i o n s  t o  
the Spacelab miss ion  p lann ing  system which are  r e q u i r e d  i n  o rde r  t o  make t h i s  
sys tem s u i t a b l e  f o r  use i n  Space S t a t i o n  miss ion  p lann ing .  

o Recommendations on the use o f  A I  as means of improv ing  
the o v e r a l l  m iss ion  p lann ing  process, i n c l u d i n g  i d e n t i f i c a t i o n  o f  s p e c i f i c  
areas where A I  may be b e n e f i c i a l .  

o A development schedule compat ib le  w i t h  the  o v e r a l l  Space 
S t a t i o n  schedules, and the  manpower requ i red .  

The development p lan  inc ludes  a d e s c r i p t i o n  o f  the  Space S t a t i o n  
miss ion  p lann ing  concept, a rev iew o f  the  f u n c t i o n s  to  be performed, and a 
d e s c r i p t i o n  o f  the  modules r e q u i r e d  fo r  each f u n c t i o n .  Module development 
standards,  such as language used for coding, a re  a l s o  de f ined.  

1-4 
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Section 2 

SPACELAB MISSION PLANNING PROCESS AND SOFTWARE 

2.1 ACTIVITIES AND ACCOMPLISHMENTS 

The purpose of Task 2 was to review the current Spacelab (SL) 
payload mission planning process and software and to develop a complete 
definition and understanding of the process and Mission Integration Planning 
System (MIPS). The approach taken for this task was first t o  develop an upper 
level Spacelab functional flow diagram, then to group the major activities 
from the overall diagram into major functional areas of activity (which tended 
to correspond to MSFC mission planning organizational elements), and finally, 
for each functional area, to develop detailed flows to a level sufficient to 
acquire a thorough understanding of the mission planning activities and to be 
able to correlate the capability of a SL MIPS software module to the objective 
of a specific activity. Based on knowledge gained, a computerized data base 
of mission planning activities, activity descriptions, and resource data was 
a1 so devel oped. 

The major inputs to the task were MSFC briefings, demonstrations 
and handout materials, Spacelab mission planning process and software 
documentation, and personal interviews with Spacelab mission planning 
personnel. 
interviews/working sessions with mission planning personnel for development of 
the functional flows. Mission planning personnel also made certain inputs to 
the data base which could only be provided by people who were experienced in 
the SL mission planning process. The support of these NASA personnel was 
essential in accomplishing this task. 

By far the most valuable of these inputs were the 

The major products of this task were the Spacelab mission 
planning process functional flow diagrams and Spacelab MIPS data base. These 
products, and the knowledge gained from their development served as a 
significant input to Task 3 because they identified not only the SL Payload 
MIPS software modules of potential applicability to Space Station, but also a 
detailed understanding of the scope, nature, and sequence of activities and 
inputs/outputs that are required for the planning of payload on-orbit 
operations in general. 

This task revealed certain characteristics and lessons learned 
from the Spacelab payload mission planning that served as important 
considerations in the establishment of the fundamental objectives and approach 
toward Space Station mission planning in Task 3. These characteristics and 
lessons learned are presented below: 

o Spacelab mission planning activities are centralized. 

o Payload activities are scheduled down to the minute to make 
maximum utilization o f  resources during a short-duration 
mission. 

o The collection o f  principal investigator experiment 
operations requirements is a very sizable manual effort 
which continues through all planning cycles. 

2-  1 



2.2 

o Spacelab mission planning employs a system of 58 actively 
used computer programs which have evolved over a ten-year 
period without the benefit of a rigidly contr lled, 
structured process of development (Upgrading of 
capabilities is still underway). 

o Though employing computer software, th.e Space 
planning process involves considerable manual 
highly skilled personnel. 

ab mission 
effort of 

o User-friendly interactive and automated software is 
considered of key importance to reducing mission planning 
manpower requirements. 

FUNCTIONAL FLOW DIAGRAMS 

2.2.1 Spacelab Functional Flow Diagram 

An upper level Spacelab Functional Flow Diagram (Figure 2.2.1-11 
was developed in order to identify all major activities of the Spacelab 
payload mission planning process. The diagram shows interfaces required by 
the planning center (MSFC) with the Principal Investigators (PI'S) and with 
the STS center (JSC). The diagram includes activities ranging from payload 
data collection, through the required analyses, to preparation o f  payload 
mission execution documentation. The activities for three ( 3 )  planning cycles 
(preliminary, basic, update) are encompassed by the flow except where noted by 
the diagram legend. 
the flow. The flow accommodates a multidiscipline payload complement but 
includes a unique path for a payload complement o f  co-aligned IPS-mounted 
stellar observation experiments. 

Real-time replanning activities are also encompassed by 

The SL mission planning process activities depicted in the 
Spacelab Functional Flow diagram are grouped into nine (9) major functions. 
These functions are: 

Payload Data Collection 
Orbit Analysis 
Mission Timeline Analysis 
Flight Definition Document Development 
Flight Planning Annex Input Development 
Crew Procedures Development 
Data Flow Analysis 
MMU Load Input Development 
Experiment Command Planning Development 

2.2.2 Spacelab Detailed Flow Diagrams 

The SL mission planning process detailed flows break down the 
functions to a subfunc t ion / task /subtask  level necessary to understand the 
mission planning activities, or to a level necessary to correlate a particular 
software module to an activity. 

2-2 
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A c t i v i t i e s  may be manual, automated, or a combinat ion o f  manual 
and automated. Manual a c t i v i t i e s  no rma l l y  i nc lude  the  c o l l e c t i o n  of  
i n fo rma t ion  ( ve rba l  i n p u t s ,  in formal  or fo rmal  documentat ion),  t he  e v a l u a t i o n  
and assessment o f  t h i s  i n fo rma t ion ,  and the  p u b l i c a t i o n  o f  the  r e s u l t s  
( in fo rmal  or formal  documentat ion).  However, some manual a c t i v i t i e s  produce a 
computer ized i n p u t  for  a subsequent a c t i v i t y  - e.g., use o f  the  VAX e d i t o r  t o  
c rea te  a computer ized f i l e  for use by a so f tware  module i n  a subsequent 
automated a c t i v i t y .  

Automated a c t i v i t i e s  i n c l u d e  a so f tware  module, based on some 
f i x e d  a lgo r i t hm,  which reads a computer ized i n p u t  f i l e ( s 1  ( f i x e d  fo rma t ) ,  
performs s p e c i f i c  ope ra t i ons  on the  i n p u t  data,  and then ou tpu ts  the  r e s u l t s  
as e i t h e r  a computer ized o u t p u t  f i l e ( s )  or as a p r i n t o u t .  Some automated 
a c t i v i t i e s  r e q u i r e ,  or  pe rm i t ,  manual i n p u t s  t o  the  software module v i a  a 
keyboard. - 

F igures  2.2.2-1 and 2.2.2-2 a re  r e p r e s e n t a t i v e  examples o f  the  
d e t a i l e d  flow diagrams developed t o  f u l l y  def ine the  Spacelab payload m iss ion  
p lann ing  process. F igu re  2.2.2-1 p rov ides  a more d e t a i l e d  d e f i n i t i o n  o f  
( i . e . ,  i d e n t i f i e s  the  flow o f  tasks  which comprise) the o r b i t a l  a n a l y s i s  
sub func t i on  "Experiment O p p o r t u n i t i e s  Generat ion"  from the  top - leve l  Spacelab 
Func t iona l  Flow Diagram (F igu re  2.2.1-11. I n  t u r n ,  F igu re  2.2.2-2 i d e n t i f i e s  
the flow o f  subtasks whlch comprise t h e  task  "Generate Plasma Physics Targets"  
from F igu re  2.2.2-1. 
and assoc ia ted  manual/automated inpu ts /ou tpu ts .  For each automated subtask i n  
F igu re  2.2.2-2, t he  name o f  the  SL MIPS so f tware  module used t o  accompl ish the  
subtask i s  i n d i c a t e d  inL the  lower r igh t -hand corner  o f  the  subtask b lock .  

Shown i n  these f i g u r e s  a re  manual/automated a c t i v i t i e s  

2.3 SPACELAB MIPS DATA BASE 

The SL M I P S  da ta  base was developed in o r d e r  t o  p rov ide  a c t i v i t y  
summary data,  so f tware  d e s c r i p t i o n  and requi rements data,  and a c t i v i t y  t i m e  
and s k i l l  requi rements data.  The l e v e l  o f  d e t a i l  o f  the  da ta  base i s  
c o n s i s t e n t  w i t h  the  l e v e l  o f  d e t a i l  i n  t he  Spacelab m iss ion  p lann ing  process 
d e t a i l e d  f low diagrams; t h a t  i s ,  e n t r i e s  e x i s t  i n  the  da ta  base corresponding 
t o  each lowest - leve l  a c t i v i t y  b lock  i d e n t i f i e d  i n  the  f low diagrams. I n  
c o n j u n c t i o n  w i t h  the  d e t a i l e d  flows, the  da ta  base prov ides  a comprehensive 
d e f i n i t i o n  o f  the  Spacelab payload m iss ion  p lann ing  process. 

The da ta  base cons is t s  of e i g h t  (8) i n t e r r e l a t e d  t a b l e s  o f  data:  

0 
0 
'0 
0 
0 
0 
0 
0 

A c t i v i t y  Summary Data 
A c t i v i t y  T i m e  and Ski 1 1  Requirements 
Software Used by A c t i v i t y  
Software D e s c r i p t i o n  
Software P e r i p h e r a l s  Required 
A c t i v i t y  I npu t /Ou tpu ts  
Computer Inpu t /Ou tpu t  Summary 
Manual I n p u t / o u t p u t  Summary 

F igures  2.3-1 through 2.3-8 p rov ide  r e p r e s e n t a t i v e  examples o f  
the  da ta  i n  these t a b l e s .  The o u t l i n e d  e n t r i e s  correspond t o  the subtask 
"DeveloplApply  Cons t ra in t s  t o  BORB Parameters".  
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Sec t ion  3 

SPACE STATION M I S S I O N  PLANNING CONCEPT 
AND SOFTWARE REQUIREMENTS 

3.1 A C T I V I T I E S  AND ACCOMPLISHMENTS 

The o b j e c t i v e  o f  t h i s  t a s k  was t o  develop a pay load m iss ion  
p lann ing  concept c o n s i s t e n t  w i t h  t h e  o v e r a l l  Space S t a t i o n  opera t i ons  
phi losophy and t o  d e f i n e  a system o f  software requi rements maximiz ing use o f  
the  SL M I P S  sof tware modules (mod i f i ed  as necessary) to  implement the  concept.  

The approach taken t o  t h i s  t a s k  cons is ted  of f o u r  subtasks.  
F i r s t ,  bas i c  d e f i n i t i o n s ,  groundru les,  and assumptions were  es tab l i shed ;  these 
pe r ta ined  t o  the  c u r r e n t  Space S t a t i o n  des ign and opera t i ons  concepts and 
ph i losoph ies ,  the  scope o f  m iss ion  p lann ing  for Space S t a t i o n ,  
ob jec t ives / requ i rements  t o  be a c h i e v e d / s a t i s f i e d  by the  approach t o  m iss ion  
p lann ing ,  the  s t r u c t u r e  o f  o rgan iza t ions /personne l  i n v o l v e d  i n  m iss ion  
p lanning,  the  number, purpose, and na tu re  o f  p lann ing  cyc les  for  Space 
S t a t i o n ,  and the  degree o f  a l l o c a t i o n  of mission p lann ing  f u n c t i o n s  between 
ground-based o rgan iza t i ons  and the  on-board crew. The second subtask i n v o l v e d  
the c o n s t r u c t i o n  o f  a s e t  o f  f u n c t i o n a l  flow diagrams. The t h i r d  subtask then 
invo lved  the  i d e n t i f i c a t i o n  o f  modi f ied SL M I P S  so f tware  modules or new 
computer programs t o  automate i n d i v i d u a l  miss ion  p lann ing  a c t i v i t i e s  
i d e n t i f i e d  i n  the  flow diagrams. The f o u r t h  and f i n a l  subtask i n v o l v e d  the  
summarization and sys temiza t i on  i n t o  a h i e r a r c h i c a l  s t r u c t u r e  o f  the  new or 
modi f ied SL M I P S  so f tware  programs as t h e  bas i s  for p r e p a r a t i o n  of a so f tware  
development p l a n  i n  Task 5 .  

,I 

I n p u t s  to  t h i s  s tudy  t a s k  were de r i ved  from a v a r i e t y  o f  sources: 

o Space S t a t i o n  Program refer 'ence documents 

o Space S t a t i o n  p lans ,  s tudy r e p o r t s ,  w h i t e  papers, 
b r i e f i n g s ,  meet ing minutes,  e t c . ,  pub l i shed  by NASA 
o r g a n i z a t i o n s ,  con t rac to rs ,  and work ing groups, 
i n c l u d i n g  the  NASA Space S t a t i o n  Operat ions Task Force 
and i t s  panels  

o Task 2 produc ts  and knowledge p e r t a i n i n g  t o  t h e  Spacelab 
miss ion  p lann ing  process 

The products  o f  t h i s  t a s k  c o n s i s t  of the  Space S t a t i o n  pay load 
miss ion  p lann ing  concept f u n c t i o n a l  flow diagrams, a summary t a b l e  
d e s c r i b i n g  the new and m o d i f i e d  SL M I P S  sof tware modules r e q u i r e d  t o  
implement the  SS MPS concept,  and the  h i e r a r c h i c a l  s t r u c t u r e  o f  so f tware  f o r  
the  SS MPS. 

3 . 2  SS MPS CONCEPT FUNCTIONAL FLOWS 

S i m i l a r  t o  the  Spacelab f u n c t i o n a l  flow diagrams, the  SS miss ion  
p lann ing  concept f u n c t i o n a l  flow diagrams show miss ion  p lann ing  cyc les  and 
a c t i v i t i e s  by o r g a n i z a t i o n  and def ine the i n t e r f a c e s  between those 
o r g a n i z a t i o n s ;  d e f i n e  a h i e r a r c h y  of miss ion  p lann ing  subfunc t ions ,  tasks  and 
subtasks;  revea l  r e c u r r i n g  miss ion  p lann ing  a c t i v i t i e s  across c y c l e s ;  and, 
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i d e n t i f y  a p p l i c a b l e  SL payload M I P S  sof tware modules or requirements f o r  new 
sof tware.  The SS MPS Top Level  Func t iona l  Flow i s  i l l u s t r a t e d  i n  F igure  
3.2-1. Examples o f  t h e  d e t a i l e d  flow diagrams for  the  subsequent l e v e l s  are 
presented i n  F igures 3.2-2 through F igure  3.2-4. 

3.3 SOFTWARE REQUIREMENTS 

The h i e r a r c h i c a l  s t r u c t u r e  o f  r e q u i r e d  SS MPS sof tware modules 
i s  shown i n  F igure  3.3-1; t h e  s t r u c t u r e  i s  o r i e n t e d  toward the u s i n g  
o r g a n i z a t i o n s ,  and i d e n t i f i e s  (per  the  legend) the  m o d i f i e d  SL M I P S ,  new and 
A I - a p p l i c a t i o n  candidate sof tware programs (Sec t ion  4 summarizes the  approach 
and r a t i o n a l e  suppor t ing  t h e  A I  a p p l i c a t i o n  candidates) .  

Representat ive excerpts  from the  summary t a b l e  d e s c r i b i n g  the 
new and m o d i f i e d  SL M I P S  sof tware modules are  presented i n  F igure  3.3-2 (Note 
the  c o r r e l a t i o n  o f  each sof tware module t o  a p p l i c a b l e  subfunc t ions / tasks  i n  
t h e  SS miss ion  p l a n n i n g  concept f u n c t i o n a l  f low diagrams). 

For t h e  purposes o f  assessing the  a p p l i c a b i l i t y  o f  A I  techniques 
t o  t h e  SS MPS f n  Task 4 o f  t h e  study, and for  genera t ing  t h e  Software 
Development P lan i n  Task 5, t h e  computer programs i d e n t i f i e d  i n  F igure  3.3-1 
were grouped i n t o  so f tware  se ts ,  i . e . ,  groups o f  programs o f  a s i m i l a r  n a t u r e  
a t  the  same h i e r a r c h i c a l  l e v e l .  The software s e t s  are presented i n  Table 
3.3-1. 
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FIGURE 3.2-3. EXCERPT OF SUBFUNCTION LEVEL FUNCTIONAL FLOWS 
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TABLE 3.3-1. SS MPS SOFTWARE SETS 

NEW SOFTWARE 

SET A - SPECIAL OBS OPPS EXECUTIVES 
TOP LEVEL 
ATMOS PHYS 
SOLAR 
EARTH S I T E  
PLASMA PHYSICS 
CELESTIAL 

SET B - URDB I / F  

SET C - EDITOR EXECUTIVES 
MODEL EDITOR EXEC 
OBS OPPS EDITOR EXEC 
SCHEDULER EXEC 

, 
SET D - RE-SCHEDULER 

SET E - SYSTEM EXECUTIVES (PHASE I) 
USER MPS EXEC 
PLANNING CENTER MPS EXEC 
P O I C  MPS EXEC 

SET F - SYSTEM EXECUTIVES (PHASE 11) 
USER MPS EXEC 
PLANNING CENTER MPS EXEC 
P O I C  MPS EXEC 

SET G - COMMAND PLANNER 
SET H - NEW T I M E L I N E  ANALYSIS M0DULE.S 

MDL EXTRACT 
MDL COMPARE 
T L  COMPARE 
T L  MERGE 
PCAP DELTAS 
SUMMARY PCAP 

SET L - OUTPUT PROCESSOR EXEC 

MODIFIED SL M I P S  SOFTWARE 

SET I - T I M E L I N E  ANALYSIS 
ESP 
PCAP 
PTS 
TA E 
VME 

SET 3 - ORBIT ANALYSIS 
ASEP 
ATMOS 
BORB 
CAVA 
ESAL 
ESDATA 
LTO 
RAD12 
STAR 
TANRAY 
TARGEN 

PROF1 L E  
M I S S I O N  WINDOWS 
ONBOARD RECORDER SCHEDULAR 
POSSIBLE FORMATS 
FORMAT SCHEDULAR 
POSSIBLE POCC CONFIGURATIONS 
POCC CONFIGURATION SCHEDULAR 
PLAY BACK SCHEDULAR 
INTERACTIVE DATA UPDATE SYSTEM 
V E R I F I C A T I O N  
COMPARE TDRS 
COMPARE MODELS 
DATA MANAGEMENT CHECKLIST 
DATA SCHEDULE F I L E  
ANTENNA DISPLAY 
IDMS LIBRARY 

SET K - DATA FLOW ANALYSIS 
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Section 4 

ARTIFICIAL INTELLIGENCE APPLICATIONS 

ACTIVITIES AND ACCOMPLISHMENTS 

The objectives of this task were to: 

( 1 )  Define AI techniques that could be applied to SS MPS tasks. 
( 2 )  Identify and evaluate all tasks that could use the AI 

( 3 )  Recommend a methodology for implementation of the 
techniques. 

identified AI tasks. 

These objectives were accomplished as illustrated in Figure 
4.1-1. Two areas of effort contributed to accomplishment of the objectives 
specified above. 
technology. 
an AI software development program. 
scope of the recommended hardware and software methodology. 

4.2 DEFINITION OF ARTIFICIAL INTELLIGENCE 

The first effort was to conduct a survey of the current AI 
The second effort was to compile a list of desired criteria for 

Both efforts increased the quality and 

Artificial Intelligence is the emulation of human intelligence 
and thought processes by computational models. It is the branch of  Computer 
Science concerned with designing intelligent computer systems that exhibit the 
characteristics associated with intelligence in human behavior - reasoning, 
understanding language, solving problems, etc. 

Expert systems are AI programs that are designed to execute a 
highly specialized and difficult task with the proficiency of a human expert. 
They employ domain-specific problem-solving strategies as opposed to broad, 
general-purpose strategies. 
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4.3 ASSUMPTIONS PRIOR TO CANDIDATE EVALUATION 
\ 

Experience gained from the early phases of the project allowed 
several assumptions to be made prior to evaluation of the SS MPS candidates. 

4.3.1 ADA Software 

tasks will be coded in ADA for compatibility with Space Station program 
requirements. 

i 

It is assumed that all new non-AI mission planning software , 

All AI techniques can be implemented in LISP, PROLOG or ADA. 
LISP and PROLOG have only a few advantages over ADA. 

4.3.2 Speci a1 i zed AI Hardware 

If specialized AI hardware i s  required, assume a Symbolics 
architecture. LISP and PROLOG are not viable languages unless executed on 
specialized AI processors. 
market . 

Symbolics i s  the best processor currently on the 

The execution of LISP on coprocessor boards installed in 
conventional computers is not considered; however, their emergence on the 
market is imminent. 

4.3.3 Conventional Hardware 

i mp 

4.3 

are 

not 

Assume a DEC VAX architecture for all ADA software 
emen t at i o ns . 
4 Candidate Evaluation Cri terla 

The criteria for candidate evaluation are not discrete. They 
frequently interrelated. 

The criteria are qualitative rather than quantitative. Also, 
all criteria are of equal importance. 

The evaluation of each software set against the criteria is 
subjective. The evaluation is highly dependent on definitive information 
about AI techniques and Space Station operations concepts. 

4.4 DESIRED ATTRIBUTES OF MPS TASKS 

This list o f  desired attributes is based upon industry accepted 
standards for a software development project. Several attributes have been 
added or modified to tailor them to software projects employing AI techniques. 

The desired attributes for candidate MPS tasks are shown in 
Figure 4.4-1. Each software set received a ' I + "  i f  the set contained the 
desired attribute and a "- ' '  i f  the attribute was missing and could cause 
potential problems in t h e  implementation o f  the task.  
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ATTRIBUTES OF MPS TASKS 

PROPOSED USERS O F T A S K  I I l l f I I I I I I  
1 

, User  acceptance + - + + - - + + + + + +  

TASK GROUP 

SOFTWARE SETS 

A - SPECIAL OBS OPPS EXECUTIVES 
B - USER REQUIREMENTS DATA BASE INTERFACE 
C - EDITOR EXECUTIVES 
D - RESCHEDULER 
E - SYSTEM EXECUTIVES PHASE I r - SYSTEM EXECUTIVS PHASE 11 

G - COMMAND PLANNER 
H - NEV IIMELINE SOETVARE 
I-MODEIED TIMELINE SOETVARE 
J - MODIFIED ORBITAL MECHANICS SOETVARE 
f- MODIFIED DATA FLOV mL"rVARE 
L - OUTPUT PROCESSOR EXECUTIVE 

.. . 

FIGURE 4.4-1. ATTRIBUTES OF MPS TASKS 

4-4 



4.5 ARTIFICIAL INTELLIGENCE TECHNIQUES 
1 

An a t tempt  was made t o  comb through the  many books d e s c r i b i n g  A I  
techniques and p u l l  o u t  the  techniques t h a t  demonstrate advantages over  
convent ional  programming techniques. 

The d e f i n i t i o n  o f  an A I  technique versus a convent iona l  
technique i s  s u b j e c t i v e  and a source o f  disagreement w i t h i n  the  programming 
community. The boundary between the  two i s  c o n s t a n t l y  s h i f t i n g .  Many A I  
techniques were first implemented i n  LISP or PROLOG and then found t h e i r  way 
t o  convent ional  implementat ions i n  FORTRAN, PASCAL or C. For ou r  d e f i n i t i o n ,  
A I  techniques are  m o s t  e a s i l y  implemented i n  ADA, LISP or PROLOG, w h i l e  
implementat ions i n  FORTRAN, e tc . ,  a re  considered to  be s t r i c t l y  convent iona l .  
Note t h a t  ADA ho lds  the  midd le  ground, be ing  a d e r i v a t i v e  o f  PASCAL and 
FORTRAN, b u t  designed to  e a s i l y  implement complex A I  techniques.  

The A I  techniques i d e n t i f i e d  as advantageous ove r  convent iona l  
programming techniques a re  l i s t e d  on F igu re  4.5-1. 
sof tware s e t  were eva lua ted  a g a i n s t  t he  l i s t  and g i ven  a "+" i f  any of the  
t a s k  f u n c t i o n s  cou ld  be implemented us ing  an A I  technique.  

4.6 METHODOLOGY FOR CANDIDATE IMPLEMENTATION 

The f u n c t i o n s  of each 

, The methodology fo r  hardware and so f tware  h o s t  s e l e c t i o n  i s  
i l l u s t r a t e d  i n  F igu re  4.6-1. 

a t t r i b u t e .  

4.7 RESULTS OF EVALUATION 

The so f tware  se ts  wece eva lua ted  aga ins t  the  
, a t t r i b u t e s  descr ibed below and g iven a "+" i f  they  e x h i b i t e d  a need f o r  t h a t  

r, 
They were g i ven  a "-" i f  they  had no need for  t h a t  a t t r i b u t e .  

The e v a l u a t l o n  of each S S  MPS t a s k  aga ins t  t he  Des i red  
A t t r i b u t e s  c r i t e r i a  produced a l i s t  o f  b e n e f i t s  and concerns fo r  the  
implementat ion o f  each so f tware  se t .  

The summation and weighing of a l l  eva lua t i ons  performed 
p r e v i o u s l y ,  r e s u l t e d  i n  the  t a s k  methodology recommended fo r  implementat ion.  
This  recommendation i s  shown on the  bottom h a l f  o f  F igure  4.6-1. 

Fourteen tasks  w e r e  se lec ted  as candidates f o r  us ing  A I  
techniques.  T h i r t e e n  tasks  are  recommended t o  be d e l i v e r e d  i n  ADA on the  VAX.  

One task  i s  recommended t o  be d e l i v e r e d  on the  Symbolics i n  LISP 
w i t h  a hardware i n t e r f a c e  t o  the  VAX. A t  a f u t u r e  da te  i t  should be p o r t e d  t o  
the VAX p r i o r  t o  i n s t a l l a t i o n  on-board the  Space S t a t i o n .  

Four tasks  a re  recommended fo r  p r o t o t y p i n g  on the  Symbol i cs 

Three tasks  a re  recommended for implementat ion i n  the  Spacelab 
Machi ne. 

M I P S .  
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A I  TECHNIQUES FOR MPS TASKS 
TASK GROUP 

' A 8 C D E F G H I . J K L  

A - SPECIAL O B S  OPPS EXECUTIVES 
B - USER REQUIREMENTS DATA BASE INTERPACE 
C - EDITOR EXECUTIVES 
D - RESCHEDULER 
t - SYSTEM EXECUTIVES PHASE I 
? - SYSTEM EXECUTIVES PHASE 11 

G - COMMAND PLANNER 
H - NEV TIMELINE SOFTVARE 
I -MODIFIED TIMELINE SOPTVARE 
J - MODIFIED ORBITAL MECHANICS SOETVARE 
K- YODIFIED DATA f L O V  SOFTVARE 
L - OUTPUT PROCESSOR EXECUTIVE 

FIGURE 4.5-1. A I  TECHNIQUES FOR MPS TASKS 
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AI METHODOLOGY FOR MPS TASKS 
TASK GROUP 

, A B C D E F G H ~ J K L  

r 

SOFTWARE SETS 
A - SPECIAL OBS OPPS EXECUTIVES 
B- USER REQUIREMENTS DATA BASE INTERFACE 
C - EDITOR EXECUTIVES 
D - RESCHEDULER 
E - SYSTEM EXECUTIVES PEASE I 
? - SYSTEM EXECUTIVES PHASE 11 

G - COMMAND PLANNER 
H - NEV TIMELINE SOFTVARE 
I -MODIFIED TIMELINE SOFTVARE 
J - MODIFIED ORBITAL MECHANICS SOFTVARE 
K- MODIFIED DATA PLOV SOFTVARE 
L - OUTPUT PROCESSOR EXECUTIVE 

F I G U R E  4.6-1. A I  METHODOLOGY FOR MPS T A S K S  
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4.8 CONCLUSIONS AND RECOMMENDATIONS 

4.8.1 AI Technology 

AI technology is still very young. The experience base of 
expert systems performance is small compared to conventional programs. 
However, the systems in existence do strongly support the many advantages of 
incorporating this technology into the workplace. 
solving many of the problems where conventional programs fail. 

AI has proven effective in 

4.8.2 Hardwarelsoftware Architecture 

The conclusion to largely use ADA on a VAX is also supported by 

The largest value of LISP and PROLOG i s  in the rapid prototyping 

a study conducted by MDAC-HB for the JSC Space Station Phase B contract. 

environment. 

- 

4.8.3 Software Tool s 

I Use is recommended during prototyping of an expert system 
development tool and a natural language development tool. 

An in-depth technology survey, with the targeted MPS candidates 
in mind, should be performed immediately prior to purchase of any 
off-the-shelf AI tool s. 
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Section 5 

SOFTWARE DEVELOPMENT PLAN 

5.1 TASK OVERVIEW 

The objective of this task was t o  generate a Software 
Development plan for the definition, design and implementation o f  the SS MPS. 

The approach taken t o  this task consisted of four subtasks. 
First, assumptions inherent in the generation of  the SW Development Plan were 
identified; these pertained t o  SW development facilities, computer operating 
systems, coding 1 anguages and standards, required formal reviews , requi red 
documentation, etc. The second subtask involved developing a technical 
description of  the project - SW requirements, SW hierarchy, etc., and a 
detailed description of the activities required t o  successfully complete the 
development project. 
descriptions of subtask 2, subtask 3 was performed t o  generate cost estimates 
for individual o r  sets o f  required SS MPS computer programs in terms of 
manpower and schedule using the Constructive Cost Model (COCOMO), and 
integrating these into project level manpower requirements and schedule 
recommendations. The fourth and final subtask was t o  document and publish the 
SW Deve 1 opmen t P1 an. 

Based o n  the assumptions of subtask 1 and the 

- Inputs t o  this study task were derived from: 

0 Task 3 products (SS MPS functional flows and SW 
Requirements Summary) 

0 Task 4 products (AI recommendations and implementation 
requirements) 

0 COCOMO Model 

0 Existing SW development plans (boilerplates) 

The product of this task is the SS MPS SW Development Plan, 
which constitutes Volume I11 of the Study final report. 

5.2 

description 
the SW deve 
me thodol ogy 
description 
the project 

SOFTWARE DEVELOPMENT PLAN DESCRIPTION 

The SW Development Plan includes an introduction, a technical 
o f  the project, a detailed description of the project activities, 
opment schedules, manpower requirements and an explanation of the 
and assumptions utilized for the estimates, and a detailed 
of the SW procedures and practices recommended to be applied to 

The recommended SS MPS Project Top Level Schedule is shown i n  
Figure 5.2-1. Representative lower level schedules for individual software 
sets are shown in Figure 5.2-2. The estimated manpower requirements are 4841 
man months for the entire project. If the SS MPS was developed without the 
benefit of the Spacelab MIPS software the estimated total is 9612 manmonths. 
Representative excerpts o f  the manpower requirements by project phase for  
individual software sets are shown in Figure 5.2-3. 
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Sec t ion  6 

CONCLUSIONS AND RECOMMENDATIONS 

r 

I I 

Based on the  r e s u l t s  of the  S S  MPS Development Study summarized 
i n  the  prev ious  sec t i ons ,  t he  f o l l o w i n g  conclus ions have been drawn: 

1 )  A d e t a i l e d  d e f i n i t i o n  o f  the  Spacelab pay load m iss ion  
p lann ing  process and SL M I P S  so f tware  has been der ived ;  t h i s  d e f i n i t i o n  
( func t i ona l  flow diagrams and da ta  base) w i l l  be o f  g r e a t  va lue  fo r  t r a i n i n g  
Spacelab miss ion  p lann ing  personnel  and fo r  assess ing and improv ing the  
process. 

2)  A base l i ne  concept for per forming SS manned base pay load 
miss ion  p lann ing  has been developed; t h i s  concept i s  c o n s i s t e n t  w i t h  c u r r e n t  
Space S t a t i o n  des ign /opera t ions  concepts and ph i l osoph ies ;  however, those 
concepts and ph i l osoph ies  a r e  the  r e s u l t s  o f  Phase B s tud ies  and w i l l  
t h e r e f o r e  ga in  f u r t h e r  d e f i n i t i o n  and changes as the  Space S t a t i o n  Program 
progresses. 

3)  SS MPS so f tware  requirements have been de f ined.  These 
sof tware requi rements make maximum use of SL M I P S  sof tware w i t h  m o d i f i c a t i o n s ,  
b u t  do i nc lude  requi rements for  new so f tware  to  accommodate the  complex i ty  o f  
the SS miss ion  p lann ing  concept and t o  maximize automat ion of  the concept.  
Also, requi rements for  new so f tware  i n c l u d e  candidate programs for  the  
a p p l i c a t i o n  o f  A I  techniques t o  capture  and make more e f f e c t i v e  use of m iss ion  
p lann ing  e x p e r t i s e  and to  i n v o l v e  SS users d i r e c t l y  i n  the  m iss ion  p lann ing  
process. 

A SS MPS Sof tware Development P lan  has been developed which 
phases e f f o r t s  for the  development o f  so f tware  to  implement the  SS miss ion  
p lann ing  concept.  The efforts a re  phased for  the  immediate s t a r t  o f  
development of long- lead-t ime sof tware programs, b u t  for  delayed development 
of programs w i t h  a h i g h  dependence on S S  des ign lope ra t i ons  concepts.  
development schedule, r e l a t i v e  t o  the  c u r r e n t  o v e r a l l  Space S t a t i o n  Program 
schedule, i n d i c a t e s  the  development e f f o r t  should beg in  as soon as p o s s i b l e .  

4) 

The 

5 )  The es t imated manpower requirements to  develop the  SS MPS 
are s i g n i f i c a n t ;  however, the  scope o f  the  SS mission p lann ing  problem i s  
s i g n i f i c a n t  and the  process of  development i s  recommended t o  be h i g h l y  
s t r u c t u r e d  and r i g i d l y  c o n t r o l l e d .  Nonetheless, the  software sys tem concept 
i s  in tended to  p rov ide  uni form methods of p lann ing  payload opera t i ons  across 
a l l  e q u i v a l e n t  p lann ing  l e v e l s  i n  o r d e r  t o  f a c i l i t a t e  the i n t e g r a t i o n  o f  
p lann ing ,  and i s  in tended t o  maximize the  automat ion of miss ion  p lann ing  t o  
min imize long-term m iss ion  p lann ing  cos ts .  

Based on the  conc lus ions  above, the  f o l l o w i n g  recommendations 
a re  o f f e r e d :  

1 )  Use the  d e f i n i t i o n  ( f u n c t i o n a l  flows and da ta  base) o f  the  
Spacelab pay load miss ion  p lann ing  process and sof tware t o  t r a i n  miss ion  
p lann ing  personnel  and t o  eva lua te  and improve the  process.  A s  improvements 
a re  made, update the  flow diagrams and da ta  base. 
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2 )  Proceed with implementation of the SS MPS Development Plan, 
including the structured and controlled process for software development. 

3 )  Maintain the SS mission planning concept, software system 
concept, and Software Development Plan consistent with SS design/operations 
concepts and program schedules. 

4) 
prototypes of AI applications. 

Use Spacelab mission planning as a test bed for testing 
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